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Our story so far….

Ever since Hubble discovered the expansion of the
universe (a confirmation of Einstein’s general theory of
relativity) we have been striving for a more detailed and
complete picture of the expansion history of the universe.
In order to look farther back in time, we need only look
farther out in space; but doing so means that we need
better standard candles than the Cepheid variables that
Hubble had at his disposal.
During the 1980s and 1990s it became clear that the type
1a supernova makes an outstanding standard candle. A
type 1a supernova is as bright as its entire host galaxy,
and (plus or minus a few caveats) all have the same
intrinsic luminosity.
The challenge of the 1a supernova as a standard candle
is its rarity: about one per galaxy per century. But in the
1980s the technology emerged to survey hundreds of
galaxies a night, guaranteeing a useful supply.
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Supernova surveys in the
1990s revealed that the
cosmic expansion is
accelerating.
The acceleration is caused by
mysterious “dark energy.”
The cosmic acceleration is a
20% effect. Highly accurate
flux measurements were not
necessary to detect it.

The challenge of the
1990s was statistics;
the challenge of today
is to measure SN flux
at better than 1%
precision.

Calibration is the
critical item for further
progress in supernova
surveys.

Linder & Huterer, PhysRevD 68, 081303 (2003)

The Problem:
The target spectrum
depends on redshift,
and the total system
throughput is a
complex function of
wavelength.
We need accurate
instrument calibration
We need accurate
knowledge of the
transmission of the
atmosphere.

PanSTARRS1 capture cross section.

MODTRAN gives
excellent results for
all contributions
except aerosols.
The aerosol
component is a
simple 2-parameter
fit.
We can therefor
measure the aerosol
contribution to
extinction with a
small number of
discrete line
sources.

Burke, et al, AJ 720, 811 (2010)

There are many useful
approaches to
determining atmospheric
transmission.

We believe that the
simplest, most direct
approach is simply to
loft a calibrated source
above the atmosphere
and measure what
comes to the ground.

The ALTAIR program uses
small stratospheric
balloons to implement this
technique.

ALTAIR 1, Launched 2 September 2011

Basic Approach
Adopt NIST-Calibrated detectors as the fundamental standard of flux.
Use various techniques to understand and calibrate instrument and
detector throughputs.
Use balloon-borne sources and calibrated detectors to measure
extinction through the atmosphere directly.
Use MODTRAN to account for atomic and molecular contributions to
extinction.
The residue is transient particulates and aerosols.
Determine the MODTRAN model parameters of the aerosol contribution.
Use the model to transfer calibration to a catalog of white dwarf stars.
Map out the expansion history of the universe with SN1a !
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The light sources are fiber-coupled
laser diode modules with TE
cooling. We have moved up from
10 mW-class laser diode modules to
100 mW-class units. The physical
dimensions have not changed.

We have designed a new
lightweight integrating
sphere. It includes two
monitor photodiodes and
is fed by a 4-1 fiber
combiner so that all light
sources enter the sphere
in a geometrically
equivalent way. The
sphere is aluminum with
a diameter of 50 mm and
a Duraflect finish.

Our fundamental radiometric
standard is the NIST-calibrated
Hamamatsu silicon photodiode.

Navigation depends on a
special high-altitude GPS
module.

The payload attitude is
measured by a combination
accelerometer-magnetometer
module.

Telemetry is handled by 910 MHz
ISM-band data radios that operate at
up to 200 kbps with a power output of
1 W.

The flight control
system comprises
four circuit boards.
The main controller is
shown here, including
the telemetry radio,
science signal
processing circuitry,
and control
microprocessor.

Ground telemetry
stations use directional
antennas capable of
reliable communication at
ranges exceeding 60 km.

Formerly, we were
using the 6-inch
Meade LT-6
telescope, but in
order to improve our
light gathering power,
we have moved up to
the 12-inch Meade
LX200GPS.

The science camera is
an SBIG ST-8300.

Our flight control software is maturing. It now controls all
aspects of the science payload as well as navigation,
vehicle health, cutdown, steering control, and other features.
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ALTAIR 2 Ready for Launch, 13 April 2012

Ground Station Woomera

(White Mountains Regional Airport)

The morning after the launch of ALTAIR 2, 13 April 2012

Photo: Eli Burakian

Ready for the
night launch of
ALTAIR 4.

Ten Flights to Date
2011-2012
We flew. We recovered. Lots of problems.

ALTAIR 1

2Sep11

ALTAIR 2

11Apr12

Telemetry worked. Tracking Worked. Imagery obtained.
Thermal management worked. Parachute did not deploy
correctly. Recovery an epic adventure.

ALTAIR 3

14Jul12

Night flight with multicolor LED source. Mysterious
premature descent.

ALTAIR 4

23Aug12

Night flight with multicolor LED source. Optical contact
lost due to mist.

ALTAIR 5

13Oct12

Night flight with multicolor LED source. Tracking worked.
Camera failed. Overshot landing zone.

ALTAIR 5A 11Dec12

Mountaintop-to-mountaintop test of new laser source.
Imagery obtained with SBIG camera. Shutter failure.

Ten Flights to Date
2013
ALTAIR 6

5Jun13

Short hop to test new parafoil recovery system. Did not
deploy correctly.

ALTAIR 7

9Jun13

Another failed parafoil steering test.

ALTAIR 7A 12Jun13

Tethered flights to evaluate parafoils. They are unstable!
Gondola destroyed!

ALTAIR 8

30Jun13

Tethered flights. Parafoils still unstable. Gondola
destroyed.

ALTAIR 9

7Aug13

Clouded out so did tethered flights of new parafoil design.
Looks great! Steering effective!

ALTAIR 10 11Aug13

Night flight with multicolor LED source. Tracking worked.
Pointing offset prevented imagery. Parafoil did not deploy
properly. Overshot landing zone.

ALTAIR 2 provided these
images. Since that time we
have been concentrating
on systems development
and unfortunately have no
new in-flight imagery.

This image of the laser source
was taken with the science
camera during a ground-based,
mountaintop-to-mountaintop
systems test (ALTAIR 5A). It
demonstrates that we have
enough photons to do the job.

Almost inevitably, the
vehicle lands in an
inaccessible place,
typically high in a tree.

Recovery is fun for vigorous
undergraduates, but we are wary of the
risks, and concerned that someday a
vehicle will land somewhere completely
inaccessible.

Our solution to this problem is to bring the gondola back to earth using
steerable parafoil rather than a conical parachute. We have successfully
tested the 3-m, rectangular planform parafoil shown here. Unfortunately,
on our last flight, the parafoil became saturated with dew before launch,
froze at altitude, and failed to deploy correctly in flight.

ALTAIR 9 at
launch, showing
the furled
parafoil ready
for deployment.
This is the
current system
configuration.

Current Status
The Good

The Bad

Operations well
developed.

Parafoil
deployment
and control still
an issue.

Software maturing.
Tracking works.

Prototype LD
source ready.
Enough photons.
Parafoil will steer.

Prototype
source
uncalibrated.

The Ugly

We still have not
succeeded with a
complete, end-toend, launch-tophotometric-imagery
flight.
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